The part played by the adrenergic system on the release of prolactin and lactogenesis induced These results show that the adrenergic system participates, through \ g=a\ 1 and \ g=b\ 1receptors, in the regulation of prolactin release induced by the decrease in progesterone in pregnant rats. They also show that \ g = b \ 2 \ x = r e q -\ adrenergic receptors play a role in the induction of casein and lactose synthesis in the mammary gland.
gland at 12.00 h on day 20 without modifying serum concentrations of prolactin and progesterone. The adrenergic antagonists, propranolol (3 mg/kg), metoprolol (10 mg/kg), ICI 118 551 (200 \g=m\g/kg), idazoxan (100 \g=m\g/kg) and prazosin (10 mg/kg), were administered s.c. at 12.00 and 20.00 h on day 19 and 08.00 h on day 20 of pregnancy to intact rats or to rats previously treated with RU 486 or prostaglandin F2\ g=a\ .
These adrenergic antagonists did not modify serum prolactin or progesterone levels in intact or RU 486\ x=req-\ treated rats, but serum prolactin levels in the prostaglandin F2\g=a\-treated group were significantly reduced by treatment with propranolol, metoprolol or prazosin. In addition, propranolol and ICI 118 551 also decreased the casein and lactose concentrations in the mammary glands of RU 486-and prostaglandin F2\g=a\-treated rats, while the other compounds had no effect. We also studied the effect of adrenergic antagonists on the release of prolactin and lactogenesis induced by the These results show that the adrenergic system participates, through \ g=a\ 1 and \ g=b\ 1receptors, in the regu-
INTRODUCTION
The spontaneous fall in progesterone at the end of pregnancy in the rat is followed by an increase in pro¬ lactin secretion and initiation of lactogenesis at the level of the mammary gland, demonstrated by the appearance of secretion (Deis, 1968) and increases in mammary tissue casein and lactose concentrations (Rosen, Woo &Comstock, 1975; Kuhn, 1977; Nicholas & Hartmann, 1981 (Wilson, 1979) . a-Adrenergic systems are generally stimulatory and may be implicated in oestrogen-induced prolactin secretion, whereas the ß-adrenergic component seems to be less effective (Lawson & Gala, 1975; Vijayan & McCann, 1978; Weiner&Ganong, 1978; Wilson, 1979) . Further¬ more, catecholamine metabolism and concentrations vary during pregnancy and the post-partum period (Greengrass & Tonge, \974a,b; Moltz, Rowland, Steele & Halaris, 1975; Desan, Woodmansee, Ryan et al. 1988 ), suggesting that they may be implicated in the regulation of hormone secretion during these periods.
The presence of ß2-adrenergic receptors in the mammary gland has been demonstrated (Clegg & Mullaney, 1985; Wellner, He, Marmary & Baum, 1988) and, through the stimulation of cyclic AMP synthesis, adrenergic drugs can inhibit fatty acid and lactose production in mammary tissue (Bar, 1973; Loizzi, de Pont & Bonting, 1975; Muñoz, Lavandera, Donoso et al. 1985; Clegg, Mullaney, Robson & Zammit, 1986) .
In the present work, different and ß antagonists were used to investigate whether the adrenergic sys¬ tems are involved in the central mechanism that leads to increased prolactin secretion after the decrease in progesterone, and whether they participate in the induction of lactogenesis at the level of the mammary gland.
MATERIALS AND METHODS

Animals
Virgin female rats, 3-4 months old (200-220 g (Bussmann & Deis, 1979) with an antiserum raised in rabbits against pro¬ gesterone-11 -bovine serum albumin conjugate. Assay sensitivity was less than 15 nmol/1 serum and the interand intra-assay coefficients of variation were 9 and 4% respectively.
Placental lactogen measurement Serum placental lactogen titres in sera from control rats and rats treated with propranolol, RU486 and RU 486 plus propranolol were measured using the Nb2 cell bioassay as described previously (Tanaka, Shiu, Gout et al. 1980) (Fig. 1) .
Casein and lactose contents of mammary glands were low in the vehicle-treated rats at 12.00 h on At 18.00 h on day 21 of pregnancy, serum pro¬ gesterone levels were significantly lower and serum prolactin levels significantly higher than at 12.00 h on day 20 of gestation (see Tables 1 and 2 ). Again, as in the previous experiments, propranolol, metoprolol or prazosin administration significantly reduced serum prolactin concentrations in these rats, without modifying serum progesterone (Table 2) .
At 18.00 h on day 21 of pregnancy, the mammary gland content of casein and lactose were also signifi¬ cantly increased with respect to day 20 (shown on Fig.  2 (Munaro, 1977; Vacas & Cardinali, 1980; Crowley, 1982; Maggi, Zucchi & Perez, 1985) . Noradrenergic induction of cyclic AMP accumulation in hypothalamic and preoptic area (POA) slices was found to be modified by changes in circulating ovarian steroids (Etgen & Petitti, 1986) . Thus progesterone treatment of ovariectomized oestrogen-primed rats decreases the capacity of noradrenaline to induce cyclic AMP accumulation in POA slices (Petitti & Etgen, 1989) . On the other hand, it seems that prazosin and propra¬ nolol have a selective action on POA slices in reducing the ability of noradrenaline to stimulate cyclic AMP (Petitti & Etgen, 1989) . According to Wilson (1979) two types of noradrenergic systems seem to be involved in prolactin release, one acting through a-adrenergic receptors and the other through ß-adrenergic receptors. It has been shown that the response to noradrenaline in POA slices is mediated by interactions with both and ß receptors (Petitti & Etgen, 1989) . The augmentation of ß receptor stimu¬ lation of adenylate cyclase by a, sites has also been demonstrated (Pile & Enna, 1985; Etgen & Petitti, 1987 (Vijayan & McCann, 1978; Weiner & Ganong, 1978; Wilson, 1979) .
At the end of pregnancy a series of events takes place in response to the decrease in progesterone, including the release of prolactin which is involved in lactogenesis (Deis, 1968; Vermouth & Deis, 1972 Bussmann & Deis, 1979) and maternal behav¬ iour (Bridges, 1984) . It has been suggested that an increase in noradrenergic activity may occur near term in the hypothalamus of pregnant rats which may be related to the display of maternal behaviour (Ho, Quadagno & Moltz, 1974; Moltz et al. 1975) , which correlates well with the participation of the POA on the onset of maternal behaviour described by Numan, Rosenblatt & Komisaruk (1977 (Carrer & Taleisnik, 1970; Tindal & Knaggs, 1972; Weiner, Blake & Sawyer, 1972; Kawakami, Kimura & Konno, 1973; Velasco, CastroVazquez & Rothchild, 1974; Malven, 1975) (Clegg & Mullaney, 1985; Wellner et al. 1988 ). These receptors are linked to the adenyl cyclase second messenger path¬ way (Bar, 1973; Clegg & Mullaney, 1985; Marchetti, Fortier, Poyet et al. 1990 ; .
The concentration of these receptors, which are under the control of prolactin and ovarian hormones , increases moderately during pregnancy, decreases around the time of parturition and increases again to maximum levels around the middle of lactation ). (Clegg & Mullaney, 1985) . At present we cannot rule out the fact that the stimulatory adren¬ ergic action on lactogenesis may be indirect, medi¬ ated through actions on other tissues, such as the liver.
It is important to mention that catecholamines are released to the circulation following suckling in lac¬ tating rats (Clapp, Martinez-Escalera, Morales et al. 1985) . These catecholamines induce a short-term inhibition in the response of the mammary gland to oxytocin and milk ejection (Sibaja & Schmidt, 1975; Mena, Pacheco, Aguayo et al. 1979) . Our results have shown that the adrenergic system has a role in the release of prolactin and lactogenesis at the end of pregnancy. In lactating animals the released adrenaline, along with prolactin also released by suckling, may also stimulate milk production.
To our knowledge, the present work provides the first evidence of the involvement of the adrenergic system in the central and peripheral mechanisms con¬ trolling lactogenesis at the end of pregnancy. The effect of catecholamines seems to be stimulatory at the central level, regulating prolactin secretion, as well as at the level of the mammary gland, modulating casein and lactose synthesis.
